Abstract-Blends of abundant cuticular hydrocarbons are species-specific for termites (Isoptera) and can be used to identify a given taxon without the diagnostic castes, soldiers or adults. We demonstrate that hydrocarbon extracts of termite fecal pellets from damaged wood can also be characterized and used to identify termites responsible for damage, even though termites are no longer present or easily recovered. In structures infested by drywood termites, it is common to find fecal pellets, but difficult to extract termites from the finished wood in service. Nine species belonging to two families (Kalotermitidae and Termopsidae) were examined to compare the hydrocarbon composition of termites and their fecal pellets. Diversity was extensive: at least one half of the amount of the hydrocarbons from Neotermes connexus, Incisitermes immigrans, Cryptotermes brevis, Cryptotermes cynocephalus, Procryptotermes corniceps, and Zootermopsis nevadensis nuttingi was olefins. Incisitermes minor and Pterotermes occidentis incorporated only small amounts of olefins in cuticular hydrocarbons; Marginitermes hubbardi had no detectable olefins. Hydrocarbons extracted from fecal pellets were qualitatively and quantitatively similar to cuticular extracts and can be used to determine the termite species responsible without the termites present.
INTRODUCTION
The cryptic nature of drywood and dampwood termites often precludes their collection for purposes of identification. Because they make their homes within wood, it is often not possible to collect them without destroying the wooden structure. A commonly utilized sign for determining the presence of wood-inhabiting termites is the associated occurrence of fecal pellets, which are ejected from the galleries inside the wood. These pellets are diagnostic for drywood and dampwood termites and can be used to distinguish their damage from other wood-destroying insects (Ebeling, 1975; Moore, 1992) .
Drywood and dampwood termites excrete feces in the form of hard, evenly shaped fecal pellets. While collecting drywood termites in a survey of the termites of the Hawaiian Islands ; unpublished data), we gathered fecal pellets while removing termites from wood. Rather than simply signaling the general presence of termites, we wondered whether these pellets could be used for more precise diagnosis of the species of termite inhabiting the wood. We hypothesized that termite fecal pellets contain the same mixture of hydrocarbons as the insects that produced them, and because cuticular hydrocarbons are species-specific in termites (Page et al., 2002) , we further hypothesized that the species can be identified by these chemicals in their feces.
The cuticle covering the outside surface of the termite also lines the inside of the rectum and likely also has a covering of wax composed mostly of hydrocarbons. Fecal pellets are formed in the elongate, bulbous rectum that is used for the temporary storage of undigested food particles (Child, 1934) . Pellets are elongate and have six flattened sides that coincide with the rectal papillae. The six surfaces are a result of pressure applied by the six plates within the rectal epithelium. The hindgut is lined with chitinous intima that is continuous through the anus with the chitinous exoskeleton; the epithelial layer of the rectum is thickened and contains a heavily chitinous intima (Child, 1934) .
Fecal pellets must be dehydrated before expulsion; resorption of water represents an essential ecological adaptation for xeric conditions (Noirot and Noirot-Timothée, 1969) . The function of the rectum is to press out and conserve the water content of material that enters from the colon. Water is absorbed through the rectal wall. During compression for removal of water, it is likely that pellets acquire a hydrocarbon coating before extrusion. This may facilitate discharge of pellets.
Characterization of the cuticular hydrocarbons of termite species supports the concept of species specificity of hydrocarbon mixtures (Haverty et al., 1988 (Haverty et al., , 1996a (Haverty et al., , 1999 Watson et al., 1989; Kaib et al., 1991; Brown et al., 1994 Brown et al., , 1996 Takematsu and Yamaoka, 1999; Clément et al., 2001; Nelson et al., 2001; Page et al., 2002) . Owing to the ontogenic origin of the insect hindgut (Snodgrass, 1935; Romoser and Stoffolano, 1988) , i.e., invaginated ectoderm, we hypothesized that external (cuticular) hydrocarbons are also present internally and are picked up by expelled fecal material.
METHODS AND MATERIALS
Collection of Termites. Termites were gathered from the British Virgin Islands and the Hawaiian Islands . Collections of Pterotermes occidentis (Walker) and Marginitermes hubbardi (Banks) were made in the vicinity of Tucson, AZ, USA, and collections of Zootermopsis nevadensis nuttingi Haverty and Thorne were made near Mt. Shasta, CA, USA. In total, nine species belonging to two families were collected. Representatives of the Kalotermitidae included Neotermes connexus Snyder, Incisitermes immigrans Snyder, Cryptotermes brevis (Walker), Cryptotermes cynocephalus Light, Incisitermes minor (Hagen), Procryptotermes corniceps (Snyder), P. occidentis, and M. hubbardi; Z. nevadensis nuttingi was the sole representative of the Termopsidae.
Naturally infested wood samples were bagged and brought to the laboratory, where termites and fecal pellets were separated from wood and other debris. Samples of 15Y20 pseudergates or nymphs were placed in separate vials, frozen, and dried . As soon as the termites were completely dry, specimens were placed in vials that were tightly capped. Fecal pellets were separated from debris by sequentially sifting them through successively smaller sieves. Pellets were separated from fine debris by removing them with forceps or with an aspirator until 3Y10 ml were obtained. Concurrently, fresh (i.e., not dried) termite voucher samples were preserved in 85% ethanol and deposited in the National Museum of Natural History, Smithsonian Institution, Washington, DC or in the University of Hawaii, Manoa Campus collection .
Extraction Procedure and Characterization of Hydrocarbons. Hydrocarbons from the termites and fecal pellets were extracted, characterized, and quantified as reported in . Termites, as a group, or 3Y10 ml of fecal pellets were extracted by immersion in 10 ml of n-hexane for 10 min. After extraction, hydrocarbons were separated from other compounds by pipetting the extract through 4 cm of activated Sigma silica gel (70Y230 mesh) in Pasteur pipet minicolumns. An additional 5 ml of clean n-hexane were dripped through the silica gel. The resulting extracts were evaporated to dryness under a stream of nitrogen and redissolved in 60 ml of n-hexane for gas chromatography-mass spectrometry (GC-MS) analyses. A 3-ml aliquot was injected into the GS-MS.
GC-MS analyses were performed on a Hewlett-Packard (HP) 5890 gas chromatograph equipped with an HP 5970B Mass Selective Detector interfaced with HP Chemstation data analysis software (HP59974J Rev. 3.1.2). The GC-MS was equipped with an HP-1 fused silica capillary column (25 m Â 0.2 mm ID) and operated in split mode (with a split ratio of 8:1). Each mixture was analyzed by a temperature program ranging from 200 to 320-C at 3-C/min with a final hold of 11 or 16 min. Electron impact (EI) mass spectra were obtained at 70 eV.
n-Alkanes were identified by their mass spectra. Mass spectra of methylbranched alkanes were interpreted as described by Blomquist et al. (1987) to identify methyl branch locations. Mass spectra of di-and trimethylalkanes were interpreted as described by Page et al. (1990a,b) and Pomonis et al. (1978) . Alkenes were identified by their mass spectra, but double bond positions were not determined (see . Equivalent chain lengths (ECL) were calculated for some of the unsaturated compounds to distinguish the various isomers.
In the text and tables, we use shorthand nomenclature to identify individual hydrocarbons or mixtures of hydrocarbons. This shorthand uses a descriptor for the location of methyl groups (X-me), the total number of carbons (CXX) in the hydrocarbon component excluding the methyl branch(es), and the number of double bonds following a colon (CXX:Y). Thus, heptacosane becomes n-C27; 2-methylheptacosane becomes 2-meC27; 13,15-dimethylheptacosane becomes 13,15-dimeC27; and heptacosadiene becomes C27:2. Hydrocarbons are presented in the tables for each species and its feces in the order of elution on our GC/MS system.
Integration of the total ion chromatogram was performed using the HP Chemstation data analysis software. GC-MS peak areas were converted to percentages of the total hydrocarbon fraction. A summary of the relative amounts of each peak for termites and fecal pellets using a representative chromatogram of each species was prepared.
Cluster Analysis of Hydrocarbon Mixtures from Termites and Fecal Pellets. The percentage of each hydrocarbon was used as the response variable. The presence of coeluting compounds precluded exact quantification of many individual hydrocarbons; the quantity of each hydrocarbon in each such peak was equal to 1/n of the value for the peak, with n = the number of hydrocarbons in the peak. The Euclidean distance for all 18 combinations of termite species by insect or fecal pellets was calculated using all hydrocarbons (R Statistical Language, 2004) . RESULTS 
AND DISCUSSION
The cuticular hydrocarbons for five species [N. connexus, C. brevis, C. cynocephalus, I. immigrans, and I. minor] from Hawaii , and one additional species [P. corniceps] from the British Virgin Islands were previously characterized. The composition of the hydrocarbon mixtures for these six species and the hydrocarbons from their fecal pellets are displayed in Figures 1Y6 and summarized Detail for the cuticular hydrocarbon mixtures of two additional drywood termite species, P. occidentis and M. hubbardi, from Arizona, as well as the hydrocarbons from their fecal pellets, that have not been previously reported are shown (Figures 7 and 8, Tables 7 and 8) . The composition of the cuticular hydrocarbons for frozen samples of Z. nevadensis nuttingi (Zootermopsis Phenoytpe III) has been described previously (Haverty et al., 1988) . Here, we identify additional hydrocarbons not previously detected, as well as hydrocarbons from fecal pellets ( Figure 9 , Table 9 ). The results of the method used here are not equivalent to extracting live or freshly frozen termites, and demonstrate that there are quantitative differences in the composition of cuticular hydrocarbons extracted from dried specimens (Haverty et al., 1996b) .
The cuticular hydrocarbon mixture of most drywood termite species examined thus far from the West Indies and Hawaii reflected a general pattern. Cuticular hydrocarbons occurred in two distinct groups: early eluting compounds (23 to 29 or 31 carbons in the parent chain) and late-eluting compounds (37 to 45 carbons in the parent chain). The mixtures of I. minor and M. hubbardi were different in that hydrocarbons occurred continuously from the early eluting hydrocarbons with 23 carbons in the parent chain to the late eluting hydrocarbons with 43 carbons in the parent chain ( Figures 5 and 8 ). Z. nevadensis nuttingi displayed a pattern similar to the general pattern for drywood termites with the addition of a few hydrocarbons with 31 carbons in the parent chain ( Figure 9) .
Hydrocarbons from Termites. N. connexus is generally found in rotting wood or living trees in moist, forested areas in Hawaii between 200 and 2000 m in elevation (Zimmerman, 1948) . The chromatograms of cuticular hydrocarbons Table 1 ). n-Alkanes comprised 21.8% of the total hydrocarbon; n-C23, n-C25, and n-C27 were the most abundant. Olefins were, by far, the most predominant, representing over 52% of the total hydrocarbon; dienes and trienes were the most abundant olefins. Terminally branched monomethylalkanes, mainly 2-; 3-meC23; and 2-meC24, accounted for 23.6% of the total hydrocarbon. Internally branched monomethylalkanes were rare; neither dimethylalkanes nor trimethylalkanes were detected. I. immigrans is the predominant drywood termite in lowland xeric and coastal littoral forests, where it infests living and dead, standing trees, exclusive of man-made structures (Zimmerman, 1948) . It is displaced by N. connexus at higher elevations, and the two species coexist at low elevations on mesic sites. The general appearance of the chromatograms of I. immigrans ( Figure 2 ) was similar to those of N. connexus ( Figure 1) ; over 75% of the hydrocarbons had 23 to 29 carbons (Table 2) . n-Alkanes, primarily n-C25 and n-C27, comprised 24.8% of the total hydrocarbon. The unsaturated components constituted 59.4% FIG. 6 . Total ion chromatogram of the cuticular hydrocarbons from pseudergates of Procryptotermes corniceps (Snyder) from Guana Island, British Virgin Islands, and fecal pellets from the same collection. of the total hydrocarbon; olefins with 27 or 43 carbons predominate. The terminally branched monomethylalkanes comprised 14.4% of the total hydrocarbon. Small amounts of internally branched monomethylalkanes were detected; di-and trimethylalkanes were absent. C. brevis is the common drywood termite found in structures in Hawaii; its distribution is pantropical. It is almost exclusively found in buildings and furnishings. The hydrocarbon mixture of C. brevis resembles the general pattern of drywood termites living in xeric, tropical habitats . Hydrocarbons occurred in two groups: the early eluting compounds consisted almost exclusively of n-alkanes and terminally branched monomethyl alkanes, whereas late-eluting compounds were chiefly olefins ( Figure 3 , Table 3 ). nAlkanes, primarily n-C25 and n-C27, comprised ca. 29.4% of the total hydrocarbon. Alkenes, alkadienes, and alkatrienes were the predominant class, representing over 50% of the total hydrocarbon. The terminally branched monomethylalkanes amounted to 16% of the total hydrocarbon. Internally branched monomethylalkanes and dimethylalkanes occurred in small quantities.
C. cynocephalus was recently discovered in native vegetation in Hawaii Scheffrahn et al., 2000; Grace et al., 2002) , and is found in structures in the Philippine Islands (Scheffrahn et al., 2000) . This species also reflects the general pattern of hydrocarbon mixtures of drywood termites living in xeric, tropical habitats and is similar to C. brevis. Hydrocarbons occurred in two groups: the early eluting compounds were dominated by one olefin, C27:1; late-eluting compounds were predominantly olefins ( Figure 4 , Table 4 ). n-Alkanes comprised 16% of the total hydrocarbon. Alkenes, alkadienes, and alkatrienes were the predominant class of cuticular hydrocarbons, representing 70.3% of the total hydrocarbon; C27:1 accounts for 28% of the total hydrocarbon. Terminally branched monomethylalkanes amounted to 11.1% and internally branched monomethylalkanes 2.8% of the total hydrocarbon. No di-or trimethylalkanes were detected. I. minor has an extensive geographical and ecological range. It is common in structures and in trees, especially at pruning scars, in the southwestern, coastal counties of California. Its distribution extends north to Mendocino County, south into Baja California and along the coast of western Mexico, and east into eastern Arizona and Utah (Weesner, 1970) . I. minor has been introduced, and possibly established, in two separate locations on the island of Oahu (Grace et al., 2002) . The general pattern of the chromatograms of I. minor ( Figure 5 ) was more similar to that of M. hubbardi (see below) than that of I. immigrans (Figure 2) , or other drywood termites from the tropics . Hydrocarbons occurred in a continuous Bseries^from n-C23 to 13,17-dime C43 without the unoccupied region from C29 to C33 (Table 5) . n-Alkanes comprised 17.7% of the total hydrocarbon. The unsaturated components constituted only 19.7% of the total hydrocarbon, a proportion much lower than that of tropical kalotermitids. Late-eluting olefins predominated in this component. The terminally branched monomethylalkanes amounted to 6.7% of the total hydrocarbon, whereas internally branched monomethylalkanes totaled 6.9%. Dimethylalkanes were the predominant class of compounds, making up 42% of the total hydrocarbon. I. minor also made a homologous series of trimethylalkanes representing 7.0% of the total hydrocarbon. P. corniceps is found throughout most of the islands of the West Indies (Scheffrahn et al., 1994; . It can be found in dead wood of native vegetation, including fence posts, but has not yet been recorded from structures . The cuticular hydrocarbon mixture of P. corniceps ( Figure 6 ) was similar in gross comparison to that of C. brevis (Figure 3) . The early eluting components were almost exclusively n-alkanes and terminally branched monomethylalkanes, and the late eluting compounds were primarily olefins (Table 6) . n-Alkanes comprised 8.7% of the total hydrocarbon. As with C. brevis, the alkenes, alkadienes, and alkatrienes were the predominant class of cuticular hydrocarbons, totalling over 76% of the total hydrocarbon. The terminally branched monomethylalkanes made up 12.2% of the total hydrocarbon.
P. occidentis occurs primarily within the general limits of the Sonoran Desert in southern Arizona and Baja California. P. occidentis has been found in few tree species, most commonly in blue paloverde, Parkinsonia florida (Bentham ex A. Gray) S. Watson (Nutting, 1966) . The cuticular hydrocarbon mixture of P. occidentis has never been published, therefore, we provide a detailed description here. Once again, cuticular hydrocarbons occurred in two distinct groups: early eluting (25 to 31 carbons in the parent chain) and lateeluting compounds (41 to 43 carbons in the parent chain). The early eluting compounds predominated, representing over 92 percent of the total hydrocarbon ( Figure 7 , Table 7) . n-Alkanes were, by far, the most abundant hydrocarbons representing over 40% of the total (Table 7) . n-C25, n-C27, and n-C29 comprised ca. 10.5%, 14.7%, and 9.1% of the total hydrocarbon, respectively. The other n-alkanes accounted for 6.6% of the total (Table 7) . In contrast to the tropical drywood termite species, olefins were not the predominant hydrocarbons, representing only 5.0% of the total (Table 7) . Two monoenes, C41:1 and C43:1, made up the majority of these hydrocarbons. Terminally branched monomethylalkanes were identified for C24 to C27 (Table 7) . 2-MeC25 and 3-meC25 accounted for 2.8% and 2.6% of the total hydrocarbon, respectively. The remainder of these terminally branched monomethylalkanes comprised only 2.2% of the total. Internally branched monomethylalkanes comprised 33.0% of the total hydrocarbon (Table 7) . The homologous series of internally branched monomethylalkanes, C27, C29, C31, and C41 constituted 26.9% of the total hydrocarbon; none of the other internally branched monomethylalkanes represented more than 0.85% of the total. Dimethylalkanes comprised 13.4% of the total hydrocarbon; 9,13-dimeC29 1.54 9,13-; 8,12-; 8,14-dimeC28
1.32 n-C29 9.13 9.37 15-; 13-; 11-meC29 a Percent of total hydrocarbon composition. b An isomeric mixture or two or more compounds coelute in this peak.
was the foremost member of this class with 9.6% of the total (Table 7) . No trimethylalkanes were detected (Table 7) . M. hubbardi is one of the most common drywood termites in the Sonoran Desert. It is often found in the skeletal remains of the saguaro cactus, Cereus giganteus Englm., and is also commonly found in wood of structures. M. hubbardi replaces, or is more frequently encountered than, I. minor at lower elevations and drier regions of the Sonoran Desert (Weesner, 1970) . As observed for P. occidentis, the cuticular hydrocarbon mixture of M. hubbardi has not been published, therefore, we provide a detailed description here. c This peak appears to be a mixture of unsaturated compounds, their exact identities are undetermined.
The general pattern of the chromatograms of M. hubbardi (Figure 8 ) was more similar to that of I. minor ( Figure 5 ) than that of other drywood termites from Hawaii or the dry tropics ( Figures 1Y4, 6 ). Hydrocarbons occurred continuously from n-C25 to dimeC43 without the unoccupied region from C29 to C33. n-Alkanes present were n-C24, n-C25, n-C26, n-C27, n-C28, n-C29 n-C30, and n-C31 (Table 8) . n-C25 and n-C27 were the most abundant, comprising 7.8% and 9.7% of the total hydrocarbon, respectively (Figure 8) . The remaining n-alkanes amounted to 8.1% of the total hydrocarbon. There were no unsaturated components detected.
Terminally branched monomethylalkanes were identified for C23 to C27; 3-meC25, representing 2.3% of the hydrocarbons, was the most abundant. Terminally branched monomethylalkanes constituted only 3.6% of the total hydrocarbon. Internally branched monomethylalkanes were the third most abundant class in M. hubbardi. Most were among the later-eluting compounds with carbon numbers in the parent chain ranging from 29 through 43 (Table 8 ). The isomeric mixture of 11-; 13-; 15-meC41 was the largest peak in this class accounting for 3.7% of the total (Figure 8) .
In M. hubbardi, as in I. minor, dimethylalkanes were the predominant class of compounds, accounting for 53.9% of the hydrocarbon. The isomeric mixture of 11,15-; 13,17-dimeC33 was the most abundant peak accounting for 10.8% of the total hydrocarbon. M. hubbardi made a homologous series of internally branched dimethylalkanes (9,13-; 11,15-; 12,16-; 13,17-) from C24 to C43 (Figure 8 ; Table 8 ). M. hubbardi also made numerous trimethylalkanes with 25 to 39 carbons in the parent chain; these trimethylalkanes accounted for 3.9% of the total hydrocarbon (Table 8) .
Z. nevadensis nuttingi is the common dampwood termite found in the coastal forests of California, Oregon, and Washington west of the Cascade Range (Thorne et al., 1993) . Zootermopsis species infest standing dead trees, stumps, and logs in contact with the soil. Like drywood termites, Zootermopsis species produce pelletized feces that are stored in chambers within their workings. Z. nevadensis nuttingi was originally designated Phenotype III of the North American Zootermopsis (Haverty et al., 1988) . It was later designated as a subspecies of Z. nevadensis on the basis of its cuticular hydrocarbon mixture and its ability to recognize the other phenotype or subspecies, Z. nevadensis nevadensis, and react aggressively toward it . Morphologically, Z. n. nuttingi remains indistinguishable from Z. n. nevadensis . Their distributions are, for the most part, allopatric or parapatric (Thorne et al., 1993; Haverty et al., unpublished data) .
The hydrocarbon mixture of Z. nevadensis nuttingi has been published previously (Haverty et al., 1988) . This subspecies has since been more thoroughly characterized, and several compounds have been identified that were not previously reported. In particular, numerous olefins were identified by their mass spectra. These compounds can become unstable if not analyzed promptly after extraction, and this may account for their absence in the previous report (Haverty et al., 1988) . Handling and extraction of specimens has been standardized to include drying of termites before extraction, thereby improving the recovery of hydrocarbons, especially olefins, from the cuticle (Haverty et al., 1996b) .
The general pattern of the chromatograms of Z. nevadensis nuttingi (Figure 8 ) was similar to that of N. connexus (Figure 1) , where the great majority of the hydrocarbons have 21 to 31 carbons in the parent chain. n-Alkanes present were n-C21, n-C22, n-C23, n-C24, and n-C25 (Table 9) . n-C23 and n-C25 were the most abundant, comprising 15.3% and 9.1% of the total hydrocarbon, respectively (Figure 9 ). The remaining n-alkanes comprised 7.9% of the hydrocarbons.
The unsaturated components constituted 46.2% of the total hydrocarbon. Olefins with 23, 43, and 45 carbons predominated among the olefins. C23:2, C23:1, C43:3, and C45:3 accounted for 29.2%, 3.2%, 4.7%, and 3.0% of the total hydrocarbon, respectively ( Figure 9 ; Table 9 ). The remaining unsaturated components amounted to only 6.1% of the total hydrocarbons.
2-and 3-Methylalkanes were identified for C21 to C25, with 3-meC23, representing 10.5% of the total hydrocarbon, being the most abundant (Table 9) . These terminally branched monomethylalkanes represented 15.9% of the total hydrocarbon. A small amount of the internally branched 11-meC23 was seen. Dimethylalkanes were represented by a homologous series of 3,7-dimeCXX (Table 9) .
Hydrocarbons from Termite Fecal Pellets. In general, the hydrocarbons from whole-body extracts of drywood termites were represented qualitatively and quantitatively in extracts of fecal pellets from the same species. Extracts of fecal pellets were more similar to those of their producers than they were to extracts of any other termite species or their fecal pellets. Cluster analysis with all hydrocarbons, using Euclidean distance, consistently paired the hydrocarbon mixture from fecal pellets with the hydrocarbon mixture from termites of the species that produced the pellets (Figure 10) .
The hydrocarbon mixtures from whole-body extracts and that of fecal pellets were not identical; minor differences did occur and were likely the result of one or more factors. For example, some termite/pellet pairs were not from the same colony or location (N. connexus, I. immigrans, and C. brevis); thus, the minor qualitative and quantitative differences between termites and fecal pellets could reflect intraspecific variation. When certain hydrocarbons were found in the termites, but not in the fecal pellets, and vice versa, they often occurred in small quantities, usually less than 1.0% of the total hydrocarbon component (Tables 1Y9) . Therefore, the lack of certain hydrocarbons could also be a function of the concentration of the extracts.
Paraffins, a series of n-alkanes, were found in both termite and fecal pellet extracts, but long-chain n-alkanes were found only in extracts of termite fecal pellets (Tables 1, 2 , 7, 8; Figure 1) . n-Alkanes with more than 31 carbon atoms are not usually seen in insects; insects apparently cannot synthesize n-alkanes containing more than 34 carbon atoms (Hadley, 1985) . In plants, n-alkanes are the principal hydrocarbon fraction of the cuticlar lipids, ranging in length from 21 to 37 carbon atoms (Hadley, 1981) . It is possible that the long-chain n-alkanes from drywood termite fecal pellets were a contaminant from plant origin, from the ubiquitous Parafilm \ used in most laboratories, or even contamination from hand lotion. Such contamination complicated evaluation of chemotaxonomic characters of two species of Central American Nasutitermes (Howard et al., 1988) .
Olefins comprised the majority of the hydrocarbon components in six of the nine termites discussed in this paper. Olefins are the least stable and most reactive of the cuticular hydrocarbons. However, for some reason, they remain stable in or on the cuticles of insects. For example, when hydrocarbons were extracted from 70-year-old museum specimens of scolytid cone beetles, Conophthorus ponderosae Hopkins, the mixtures were qualitatively identical to those collected and extracted by Page et al. (1990a) . On the contrary, once extracted, cuticular hydrocarbons of Reticulitermes spp. containing mono-, diand trienes, lost much of the olefin component when dried and left in a vial for 24 hr, particularly the di-and trienes (Nelson and Haverty, unpublished observations) . Thus, something prevents the oxidation of olefins while still in the cuticle. On or in fecal pellets, the olefins appeared to be as stable as they are within the cuticle of the termites.
The composition of the hydrocarbon mixture of insects is genetically controlled (Toolson and Kuper-Simbrón, 1989; Kaib et al., 1991; Page et al., 1991; Coyne et al., 1994) . This composition can be slightly affected by diet and environmental conditions (Hadley, 1977; Espelie et al., 1994; Chapman et al., 1995; Howard, 1998; Woodrow et al., 2000) . Because cuticular hydrocarbon mixtures are generally species-specific (see references in the Introduction), we did not expect to observe qualitative differences in cuticular hydrocarbon mixtures between recently collected Z. nevadensis nuttingi and those (Phenotype III) described by Haverty et al. (1988) . Sevala et al. (2000) found similar qualitative differences between recently collected Z. nevadensis nevadensis and those (Phenotype I) reported by Haverty et al. (1988) . In the present study, termites were extracted that had been dried, while Haverty et al. (1988) extracted freshly frozen (i.e., moist) termites. This could explain the difference, as drying termites first has been shown to enhance extraction of cuticular hydrocarbons, especially the late-eluting olefins (Haverty et al., 1996b) . In addition, the olefin component of all four taxa reported by Haverty et al. (1988) was likely underreported, as samples were extracted, the extract dried under nitrogen, then sent to the University of Nevada for identification by GC-MS. Therefore, many (or all) of the olefins could have oxidized and no longer been present in the sample for identification. Furthermore, the equipment used by Haverty et al. (1988) (Finnigan 4023 mass spectrometer) was less sensitive than that used by Sevala et al. (2000) and in this study (HP5890 GC coupled with an HP5989 or 5970 MS, respectively). Thus, minor components and coeluting isomers could have been missed by Haverty et al. (1988) .
From where do the hydrocarbons in drywood termite fecal pellets come? The answer to this question could be contamination from the cuticles of the termites moving within the gallery system strewn with fecal pellets. Three other scenarios are more likely, however. First, controlled cannibalism is a key to the nitrogen economy of a termite colony. Exuviae, injured or dead individuals, and excess members of any caste are commonly eaten (Moore, 1969) . The hydrocarbons ingested could pass through the gut undigested, only to be compacted in the fecal pellets, although this has not yet been tested. Second, the termites moving and storing fecal pellets could secret a mixture of hydrocarbons from the various glands (labral, mandibular, labial, or salivary) associated with the mouthparts (Noirot, 1969) . Third, and most likely, is that hydrocarbons are deposited onto the fecal pellets within the rectum during or after the fecal dehydration process. Oenocytes transmit hydrocarbons within the hemolymph to their epicuticular destinations (Schal et al., 1998; Sevala et al., 2000) . Because the rectum is lined with cuticle (Child, 1934) , hydrocarbons are likely transferred to the epicuticular cells of the rectum and then transferred to the surface, or lining.
What is the significance of fecal hydrocarbons that are similar to those found in termite cuticles? With more sampling across additional taxa, diagnostic hydrocarbons could be identified and a key to species developed for either nondiagnostic castes, such as larvae, nymphs, and pseudergates or workers, or even fecal pellets alone. This knowledge could potentially have applications for quarantine operations to identify species or damage to wood products or solid wood packing material and contain the spread of invasive termite species. In addition, our findings open up the possibility of other chemicals, such as semiochemicals, being deposited on or within fecal pellets with the pellets functioning as a slow-release mechanism (Souto and Kitayama, 2000) . The possibility also exists that other wood-destroying insects could also be identified to species according to the hydrocarbons in their feces.
